Latent inhibition (LI), that is, retarded conditioning to a stimulus following its nonreinforced pre-exposure, is impaired in some subsets of schizophrenia patients and in amphetamine-treated rats. Potentiation of LI by antipsychotic drugs (APDs) given in conditioning, under conditions that do not lead to LI in controls, is a well-established index of antipsychotic activity. Recently, we have shown that the atypical APD, clozapine, in addition disrupts LI if administered in pre-exposure, under conditions that lead to LI in controls. This study demonstrates the same behavioral profile for the atypical APD risperidone. LI was measured in a thirst-motivated conditioned emotional response procedure by comparing suppression of drinking in response to a tone previously paired with a foot shock in rats that received nonreinforced exposure to the tone prior to conditioning (pre-exposed (PE)) and rats for whom the tone was novel (non-pre-exposed (NPE)). We show that under conditions that did not yield LI in vehicle controls (40 pre-exposures and five conditioning trials), risperidone (0.25, 0.5, and 1.2 mg/kg) led to LI when administered in conditioning. Under conditions that led to LI in vehicle controls (40 pre-exposures and two conditioning trials), risperidone (0.25, 0.5, and 2.5 mg/kg) abolished LI when administered in pre-exposure; the latter effect was not evident with haloperidol. In addition, the effects of risperidone administered in both the pre-exposure and conditioning stages were dose-dependent so that the pre-exposure-based action was manifested at lower but not at higher doses. It is concluded that atypical APDs exert in the LI model a dual pattern of effects, which enables detection of their 'typical' action (conditioning-based LI potentiation) as well as a dissociation from typical APDs by their 'atypical' action (pre-exposure-based LI disruption). It is suggested that the former and latter effects are subserved by D2 and 5HT2A antagonism, respectively.
INTRODUCTION
Antipsychotic drugs (APDs) are currently divided into two groups: typical and atypical. There are several criteria for this distinction, extensively reviewed elsewhere (Arnt and Skarsfeldt, 1998; Brunello et al, 1995; Kinon and Lieberman, 1996) . The most accepted criteria of atypicality are superior therapeutic efficacy, reduced capacity to cause extrapyramidal side effects (EPS), and reduced capacity to induce catalepsy in rodents. In addition, although atypical APDs are characterized by a broad receptor profile, their mixed DA2-5HT2 receptor antagonism has been the feature most often suggested to account for their greater antipsychotic efficacy in general, and their efficacy in improving negative symptoms in particular (Arnt and Skarsfeldt, 1998; Meltzer, 1999, 2000; Leysen et al, 1993; Meltzer et al, 1989; Meltzer and Nash, 1991; Schotte et al, 1996) . Animal models are widely used for screening and development of APDs, as well as for elucidating their mechanism of action. In addition to classical models, for example, inhibition of amphetamine/apomorphine-induced hyperactivity, newer models have been developed, which are claimed to model processes impaired in schizophrenia patients (for a review, see Arnt and Skarsfeldt, 1998 ). One such model that has face, construct, and predictive validity is that of latent inhibition (LI), a phenomenon whereby a repeated nonreinforced pre-exposure to a stimulus attenuates its subsequent capacity to become associated with reinforcement. LI is disrupted in rats and normal humans treated with the psychotomimetic, dopamine releasing drug amphetamine (eg Gray et al, 1992b; Killcross et al, 1994a; Thornton et al, 1996; Weiner et al, 1984 Weiner et al, , 1988 Weiner et al, , 1996b , in high schizotypal humans (eg Baruch et al, 1988b; Braunstein-Bercovitz and Lubow, 1998; De la Casa et al, 1993; Della Casa et al, 1999) , and in some subsets of schizophrenia patients (eg Baruch et al, 1988a; Gray et al, 1992a Gray et al, , 1995 Rascle et al, 2001; Vaitl and Lipp, 1997) ; consequently, disrupted LI in the rat is considered to model the impaired capacity to ignore irrelevant stimuli in schizophrenia. The validity of the model is further strengthened by findings that the neural substrates of LI in the rat include the hippocampal formation and the nucleus accumbens, consistent with the temporal lobe and mesolimbic pathology implicated in schizophrenia (for reviews, see Moser et al, 2000; Weiner, 1990 Weiner, , 2000 Weiner et al, 2000) .
APDs produce two effects in the LI model: they prevent drug or lesion-induced disruption of LI (eg Coutureau et al, 2000; Gosselin et al, 1996; Warburton et al, 1994; Weiner et al, 1996a; Yee et al, 1995) , and potentiate LI in normal rats under conditions that do not yield LI in controls, namely, low number of pre-exposures or high number of conditioning trials (eg Christison et al, 1988; Dunn et al, 1993; Feldon and Weiner, 1991; Killcross et al, 1994b; Moran et al, 1996; Shadach et al, 1999; Trimble et al, 1997; Weiner et al, 1996b . The latter effect is obtained also in normal humans (Williams et al, 1996 (Williams et al, , 1997 . The site at which APDs act to potentiate LI in the rat is the conditioning stage, and it has been attributed to D2 receptor blockade (Peters and Joseph, 1993; Shadach et al, 1999; Weiner et al, 1996b . Potentiation of LI is a wellestablished behavioral index of antipsychotic activity, which is obtained with a variety of typical and atypical APDs differing in their in vivo and in vitro pharmacology and is selective and specific for this class of drugs, thus fulfilling the criteria for predictive validity (for a review, see Moser et al, 2000; Weiner et al, 2000) . Moreover, LI potentiation has a unique advantage of not requiring propsychotic drug administration for its manifestation. However, this index has a serious limitation in that it does not allow the discrimination between typical and atypical APDs. Given that the major challenge for the pharmacotherapy of schizophrenia is the development of atypical APDs, a valid animal model of APD action must enable the identification of such drugs.
Recently, we have shown that this can be attained in the LI model by using two parametric versions of the LI procedure (Shadach et al, 2000) . As shown previously, with parameters that did not produce LI in controls, both the typical APD haloperidol and the atypical APD clozapine had no effect when administered in pre-exposure and potentiated LI when administered in conditioning. The novel aspect consisted of the demonstration that with parameters that led to LI in controls, clozapine but not haloperidol disrupted LI when administered in preexposure. These results provide the first demonstration suggesting that typical and atypical APDs exert distinct patterns of action in the LI model, which enable the detection of their common 'typical' action as well as their differentiation.
With regard to the possible mechanism underlying the pre-exposure-based LI disruption by clozapine, we suggested that it may be because of its 5HT2A receptor antagonism, and supported this by showing that the same effect was exerted by the 5HT2A antagonist ritanserin. We further suggested that: (1) the 5HT2A and D2 antagonistic actions of atypical APDs should compete for expression when these drugs are administered in both pre-exposure and conditioning; and (2) since the relative potencies of the two actions are dose-dependent Meltzer, 1999, 2000; Schotte et al, 1996) , their manifestation in LI should also be dose-dependent.
The present experiments sought to further characterize the LI model of atypical APD action using risperidone. Risperidone is considered to share clozapine's atypical profile both clinically and pharmacologically. In the clinic, it was reported to have low EPS liability and beneficial effects on the negative symptoms of schizophrenia; pharmacologically, it combines a potent 5HT2 receptor antagonism with a milder, but still potent, D2 antagonism (eg Arnt and Skarsfeldt, 1998; Meltzer, 1999, 2000; Leysen et al, 1993; Schotte et al, 1996) . We expected that risperidone, similarly to clozapine, will potentiate LI via effects on conditioning under conditions that do not produce LI in controls, and disrupt LI via effects on preexposure under conditions that produce LI in controls. In addition, since the difference between the occupancy of 5HT2A and D2 receptors produced by risperidone becomes smaller as the dose is increased Meltzer, 1999, 2000; Schotte et al, 1996) , we expected that when administered in both stages, its 'serotonergic' (LI disrupting) action will be manifested at lower but not at higher doses.
LI was measured in a thirst-motivated conditioned emotional response procedure by comparing the suppression of drinking to a tone previously paired with a foot shock in rats that received nonreinforced exposure to the tone prior to conditioning (pre-exposed (PE)) and in rats for whom the tone was novel (non-pre-exposed (NPE)). Experiments 1-3 sought to replicate with risperidone the finding of pre-exposure-based LI disruption observed with clozapine. For this purpose, we used pre-exposure and conditioning parameters that produce LI in controls, namely, 40 pre-exposures and two conditioning trials, and tested the effects of 0.25, 0.5, and 2.5 mg/kg risperidone, respectively. These doses were chosen on the basis of receptor occupancy data Schotte et al, 1993 Schotte et al, , 1996 so that they produce blockade of both D2 and 5HT2A receptors but with different ratios for 5HT2A vs D2 receptor occupancy. For comparison to a typical APD, experiment 4 tested haloperidol (0.2 mg/kg; 0.1 mg/kg was used in Shadach et al, 2000) under the same conditions. Experiments 5-8 tested the effects of risperidone under conditions that do not yield LI in control rats, that is, 40 pre-exposures and five conditioning trials, in order to assess its ability to produce the 'classical' APD effect of LI potentiation. Since the 2.5 mg/kg dose reduced suppression in both the PE and the NPE groups, we also tested a lower dose of 1.2 mg/kg. We present here the results of 0.25, 0.5, 1.2, and 2.5 mg/kg doses in experiments 5-8, respectively, although chronologically experiment 7 was run after experiment 8. In all the experiments, the drugs were administered in either the pre-exposure stage, the conditioning stage, or in both.
MATERIALS AND METHODS

Subjects
Male Wistar rats (Tel Aviv University, Israel), approximately 4 months old and weighing 250-480 g, were housed four to a cage under reversed cycle lighting (lights on: 19:00-07:00) with ad lib food and water except for the duration of the LI experiments (see below). All experimental Prior to the beginning of each LI experiment, rats were handled for about 2 min daily for 5 days. A 23 h water restriction schedule was initiated simultaneously with handling and continued throughout the experiment. On the next 5 days, rats were trained to drink in the experimental chamber for 15 min/day. Water in the test apparatus was given in addition to the daily ration of 1 h given in the home cages. The LI procedure was conducted on days 11-14 and consisted of four stages given 24 h apart. Pre-exposure: With the bottle removed, the PE rats received 40 tone presentations with an interstimulus interval of 40 s. The NPE rats were confined to the chamber for an identical period of time without receiving the tone. Conditioning: With the bottle removed, each rat received two (experiments 1-4) or five (experiments 5-8) tone-shock pairings given 5 min apart. Shock immediately followed tone termination. The first tone-shock pairing was given 5 min after the start of the session. After the last pairing, rats were left in the experimental chamber for an additional 5 min. Retraining: Rats were given a 15 min drinking session as in initial training. Data of rats that failed to complete 600 licks were dropped from the analysis. Test: Each rat was placed in the chamber and allowed to drink from the bottle. When the rat completed 75 licks, the tone was presented for 5 min. The following times were recorded: time to first lick, time to complete licks 1-50, time to complete licks 51-75 (before tone onset), and time to complete licks 76-100 (after tone onset). Times to complete licks 76-100 were logarithmically transformed to allow parametric analysis of variance. Longer log times indicate a stronger suppression of drinking. LI is defined as significantly shorter log times to complete licks 76-100 of the PE as compared to NPE rats.
Drugs
All drugs were administered IP in a volume of 1 ml/kg prior to the pre-exposure and/or conditioning stages. Risperidone (Janssen, Belgium), mixed with tartaric acid and diluted in saline, was administered 30 min prior to the appropriate sessions at doses of 0.25, 0.5, 1.2, and 2.5 mg/kg. Haloperidol, prepared from an ampoule containing 5 mg haloperidol in 1 ml solvent containing 6 mg lactic acid (Janssen, Belgium) and diluted with saline, was administered 60 min prior to the behavioral sessions at a dose of 0.2 mg/kg. Nodrug controls received an equivalent volume of the corresponding vehicle.
Experimental Design
All the experiments included eight experimental groups in a 2 Â 2 Â 2 design with main factors of pre-exposure (NPE, PE), drug in pre-exposure (vehicle, drug (risperidone or haloperidol)), and drug in conditioning (vehicle, drug (risperidone or haloperidol)). Experiments 3 and 5-8 tested 42-48 rats. Since some statistical results in experiments 1, 2, and 4 came close to the acceptable level of significance, an additional replication was conducted for each experiment.
Statistical Analysis
Times to complete licks 51-75 and mean log times to complete licks 76-100 were analyzed by 2 Â 2 Â 2 ANOVA with main factors of pre-exposure (0, 40), drug in preexposure (vehicle, drug), and drug in conditioning (vehicle, drug) . In all cases of significant interactions, post hoc twotailed t-tests based on the error term derived from the ANOVA were used to assess the difference between the PE and NPE groups within the relevant drug conditions.
RESULTS
Experiment 1FEffects of 0.25 mg/kg Risperidone on LI with 40 Pre-exposures and Two Conditioning Trials
The experiment included 85 rats, run in two replications; the data of four rats were dropped from the analysis. The eight experimental groups did not differ in their times to complete licks 51-75 (before tone onset; all p's40.05; overall mean A period ¼ 8.83 s). Figure 1a presents the mean log times to complete licks 76-100 (after tone onset) of the PE and NPE groups in the four drug conditions in pre-exposure and conditioning: vehicle-vehicle, risperidone-vehicle, vehicle-risperidone, and risperidone-risperidone. ANOVA yielded a significant main effect of preexposure F(1,73) ¼ 4.9, po0.05, reflecting the fact, that overall, the PE groups were less suppressed (had shorter log times) than the NPE groups, and a significant main effect of drug in conditioning F(1,73) ¼ 9.48, po0.01, indicating that, overall, the groups that received risperidone in conditioning were less suppressed than the groups that received vehicle in conditioning. In addition, there was a significant pre-exposure Â drug in pre-exposure interaction F(1,73) ¼ 8.06, po0.01, indicating that the effect of preexposure differed depending on whether rats were injected with vehicle or risperidone in pre-exposure, irrespective of the drug received in conditioning. The pre-exposure Â drug in pre-exposure interaction is depicted in Figure 1b , which presents the mean log times to complete licks 76-100 of the PE and NPE groups that received vehicle in pre-exposure (vehicle-vehicle and vehicle-risperidone) or risperidone in pre-exposure (risperidone-vehicle and risperidone-risperidone). As can be seen, shorter log times of the PE as compared to the non-PE group, that is, LI, were found in rats that received vehicle in pre-exposure. In contrast, there was no difference in suppression between the PE and NPE groups, that is, no LI, in rats that received risperidone in pre-exposure. This was confirmed by post hoc t-tests which revealed the existence of LI in the vehicle in pre-exposure condition t(73) ¼ 3.48, po0.01 but not in the risperidone in pre-exposure condition t(73)o1, NS.
Experiment 2FEffects of 0.5 mg/kg Risperidone on LI with 40 Pre-Exposures and Two Conditioning Trials
The experiment included 93 rats, run in two replications; the data of six rats were dropped from the analysis. The eight experimental groups did not differ in their times to complete licks 51-75 (before tone onset; all p's40.05; overall mean A period ¼ 8.9 s). Figure 2a presents the mean log times to complete licks 76-100 (after tone onset) of the PE and NPE groups in the four drug conditions in preexposure and conditioning: vehicle-vehicle, risperidonevehicle, vehicle-risperidone, and risperidone-risperidone. ANOVA yielded a significant main effect of pre-exposure F(1,79) ¼ 18.27, po0.0001, reflecting the fact that overall, the PE groups were less suppressed than the NPE groups, as well as a significant pre-exposure Â drug in pre-exposure interaction F(1,79) ¼ 4.26, po0.05, indicating that the effect of pre-exposure differed depending on whether rats were injected with vehicle or risperidone in pre-exposure. The pre-exposure Â drug in pre-exposure interaction is depicted in Figure 2b , which presents the mean log times to complete licks 76-100 of the PE and NPE groups that received vehicle in pre-exposure (vehicle-vehicle and vehicle-risperidone) or risperidone in pre-exposure (risperidone-vehicle and risperidone-risperidone). As can be seen, shorter log times The experiment included 47 rats; the data of three rats were dropped from the analysis. The eight experimental groups did not differ in their times to complete licks 51-75 (all p's40.05; overall mean A period ¼ 8.3 s). Figure 3 presents the mean log times to complete licks 76-100 (after tone onset) of the PE and NPE groups in the four drug conditions in pre-exposure and conditioning: vehiclevehicle, risperidone-vehicle, vehicle-risperidone, and risperidone-risperidone. ANOVA yielded a significant main effect of pre-exposure F(1,36) ¼ 15.39, po0.001, reflecting the fact that, overall, the PE groups were less suppressed than the NPE groups, and a significant main effect of drug in conditioning F(1,36) ¼ 10.37, po0.005, indicating that, overall, the groups that received risperidone in conditioning were less suppressed than the groups that received vehicle in conditioning. In addition, there was a significant preexposure Â drug in pre-exposure Â drug in conditioning interaction F(1,36) ¼ 4.24 po0.05, indicating that the effect of pre-exposure was a function of the combination of drug administered in pre-exposure and drug administered in conditioning. As can be seen in Figure 3 , LI was present in rats that received vehicle in both the pre-exposure and the conditioning stages, as well as in rats that received risperidone in conditioning, irrespective of the drug received in pre-exposure. In contrast, there was no LI in rats that received risperidone in pre-exposure and vehicle in conditioning. Figure 3 Means and standard errors of the log times to complete licks 76-100 (after tone onset) of the PE and NPE groups in four drug conditions in pre-exposure and conditioning: vehicle-vehicle, risperidonevehicle, vehicle-risperidone, and risperidone-risperidone. Forty tone preexposures and two tone-shock pairings were used. A dose of 2.5 mg/kg of risperidone was administered. Means and standard errors of the log times to complete licks 76-100 (after tone onset) of the PE and NPE groups in four drug conditions in pre-exposure and conditioning: vehicle-vehicle, haloperidolvehicle, vehicle-haloperidol, haloperidol-haloperidol. Forty tone preexposures and two tone-shock pairings were used. A dose of 0.2 mg/kg of haloperidol was administered.
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Latent inhibition by risperidone I Weiner et al p's40.05; overall mean A period ¼ 7.8 s). Figure 5 presents the mean log times to complete licks 76-100 (after tone onset) of the PE and NPE groups in the four drug conditions in pre-exposure and conditioning: vehiclevehicle, risperidone-vehicle, vehicle-risperidone, and risperidone-risperidone. ANOVA yielded a significant preexposure Â drug in pre-exposure Â drug in conditioning interaction F(1,30) ¼ 6.93, po0.025, indicating that the effect of pre-exposure was a function of the combination of drug in pre-exposure and drug in conditioning. As can be seen in Figure 5 , there was no LI in rats that received vehicle in both the pre-exposure and the conditioning stages, as well as in rats that received risperidone in pre-exposure, irrespective of the drug received in conditioning (risperidone-vehicle and risperidone-risperidone conditions). In contrast, LI was present in rats that received vehicle in preexposure and risperidone in conditioning. Post hoc t-tests confirmed the existence of LI in the vehicle-risperidone condition t(30) ¼ 2.96, po0.01, but not in the vehicle-vehicle t(30)o1, NS, risperidone-vehicle t(30) ¼ 1.11, NS, and risperidone-risperidone t(30)o1, NS, conditions.
Experiment 6FEffects of 0.5 mg/kg Risperidone on LI with 40 Pre-Exposures and Five Conditioning Trials
The experiment included 47 rats; the data of three rats were dropped from the analysis. The eight experimental groups did not differ in their times to complete licks 51-75 (all p's40.05; overall mean A period ¼ 8.4 s). Figure 6a presents the mean log times to complete licks 76-100 (after tone onset) of the PE and NPE groups in the four drug conditions in pre-exposure and conditioning: vehiclevehicle, risperidone-vehicle, vehicle-risperidone, and risperidone-risperidone. ANOVA yielded a significant main effect of drug in conditioning F(1,36) ¼ 20.14, po0.0001, indicating that, overall, the groups that received risperidone in conditioning were less suppressed than the groups that received vehicle in conditioning, as well as a significant preexposure Â drug in conditioning interaction F(1,36) ¼ 5.02, po0.05, indicating that the effect of pre-exposure differed depending on whether rats were given risperidone or vehicle in conditioning, irrespective of the drug condition in pre-exposure. The pre-exposure Â drug in conditioning interaction is depicted in Figure 6b , which presents the mean log times to complete licks 76-100 of the PE and NPE groups that received vehicle in conditioning (vehicle-vehicle and risperidone-vehicle) or risperidone in conditioning (vehicle-risperidone and risperidone-risper- Figure 7b , which presents the mean log times to complete licks 76-100 of the PE and NPE groups that received vehicle in conditioning (vehicle-vehicle and risperidone-vehicle) or risperidone in conditioning (vehicle-risperidone and risperidone-risperidone). As can be seen, there was no LI in rats that received vehicle in conditioning, whereas rats that received risperidone in conditioning exhibited LI. Post hoc t-tests confirmed the existence of LI in the risperidone t(36) ¼ 3.80, po0.01 but not in the vehicle condition t(36)o1, NS.
Experiment 8FEffects of 2.5 mg/kg Risperidone on LI with 40 Pre-Exposures and Five Conditioning Trials
The experiment included 47 rats; the data of one rat were dropped from the analysis. The eight experimental groups did not differ in their times to complete licks 51-75 (all p's40.05; overall mean A period ¼ 9.8 s). Figure 8 presents the mean log times to complete licks 76-100 of the PE and NPE groups in the four drug conditions in pre-exposure and conditioning: vehicle-vehicle, risperidone-vehicle, vehicle-risperidone, and risperidone-risperidone. ANOVA yielded a significant main effect of drug in conditioning F(1,38) ¼ 29.72, po0.0001, but no other significant outcomes. As can be seen, there was no LI in any of the conditions. Figure 8 Means and standard errors of the log times to complete licks 76-100 (after tone onset) of the PE and NPE groups in four drug conditions in pre-exposure and conditioning: vehicle-vehicle, risperidonevehicle, vehicle-risperidone, and risperidone-risperidone. Forty tone preexposures and five tone-shock pairings were used. A dose of 2.5 mg/kg of risperidone was administered.
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DISCUSSION
The major aim of this study was to show that the atypical APD risperidone will produce in the LI model a pattern of action previously shown by us for clozapine (Shadach et al, 2000) , namely, that it will potentiate LI via effects on conditioning under conditions that do not lead to LI in controls, and disrupt LI via effects on pre-exposure under conditions that lead to LI in controls.
Experiments 5-7 showed that with parameters of preexposure and conditioning that did not produce LI in the vehicle condition (40 pre-exposures and five conditioning trials), risperidone at the 0.25, 0.5, and 1.2 mg/kg doses led to the emergence of LI when administered in conditioning. This shows that risperidone produces in the LI model the 'typical' LI potentiating action that has been shown for all typical and atypical APDs tested to date (for reviews see Moser et al, 2000; Weiner et al, 2000) , and extends previous findings that this potentiating effect is exerted at the conditioning stage (Gray et al, 1997; Joseph et al, 2000; Peters and Joseph, 1993; Shadach et al, 1999 Shadach et al, , 2000 . The potentiating effect was not obtained with the highest dose, 2.5 mg/kg; as can be seen in Figure 8 , this was because of a reduction in suppression in both the PE and NPE groups produced by this dose. The most reasonable explanation of the latter result is that this dose impaired conditioning irrespective of the animals' preexposure history (Weiner, 2001 ). Decreased overall suppression that masks drug effects on LI has been reported also with other typical and atypical APDs (Feldon and Weiner, 1991; Moran et al, 1996) . However, it should be noted that in Experiment 3, which used two tone-shock pairings, this same dose reduced suppression in both the PE and NPE groups without eliminating LI. This difference may stem from different batches of rats used or may reflect a genuine interaction between the effects of the drug and the impact of conditioning.
Experiments 1-3 showed that with parameters of preexposure and conditioning that produced LI in the vehicle condition (40 pre-exposures and two conditioning trials), risperidone at all three doses tested disrupted LI when administered in pre-exposure. This extends our previous demonstration of such a pre-exposure-based disruptive effect by clozapine (Shadach et al, 2000) . As shown by us previously (Shadach et al, 2000) , and in Experiment 4 here, this disruptive effect is not obtained with the typical APD haloperidol. Taken together, these results demonstrate that atypical APDs exert in the LI model a dual pattern of effects, which enables detection of their 'typical' action (conditioning-based LI potentiation under conditions that do not produce LI in controls), as well as a dissociation from typical APDs by their 'atypical' action (pre-exposure-based LI disruption under conditions that produce LI in controls).
In addition, the present results showed that the effects of risperidone administration in both the pre-exposure and conditioning stages were dose-dependent, so that the preexposure-based disruption of LI was manifested at lower but not at higher doses. There is evidence suggesting that the conditioning-based potentiating action is DA-mediated, whereas the pre-exposure-based disruptive action is 5HT-mediated: (1) The potentiating effect is obtained with the D2 blocker haloperidol (Joseph et al, 2000; Peters and Joseph, 1993; but not with the 5HT2 antagonist ritanserin (Shadach et al, 2000) . (2) DA mechanisms are not involved in pre-exposure: neither amphetamine (Weiner et al, 1984 (Weiner et al, , 1988 nor APDs (Shadach et al, 2000; affect LI when administered in pre-exposure only. (3) LI tends to be disrupted by reductions in serotonin (Asin et al, 1980; Cassaday et al, 1993a, b; Lorden et al, 1983; Solomon et al, 1980) . (4) all the serotonergic manipulations, including the selective 5HT2A antagonist ritanserin (Shadach et al, 2000) , tested to date in the different stages of LI procedure, have been shown to exert their effects at the preexposure stage (Moser et al, 2000) .
The present results are consistent with the possibility that the competition between the pre-exposure-based and conditioning-based effects of risperidone reflects a competition between its 5HT2A and D2 antagonistic actions. Since 5-HT2A and D2 receptor occupancy predominate at lower and higher doses of risperidone, respectively, low doses can be expected to produce a predominantly serotonergic action, which should be counteracted by its dopaminergic action as the dose increases, and this is the pattern of effects we obtained here. With 40 pre-exposures and two conditioning trials, both the 0.25 and 0.5 mg/kg doses disrupted LI when given in pre-exposure, as well as when given in both the preexposure and conditioning stages, indicating that the serotonergic action at these doses overrode the dopaminergic action. Indeed, an identical pattern of action was shown by us previously with the selective 5HT2A antagonist ritanserin (Shadach et al, 2000) . At the 2.5 mg/kg dose, risperidone abolished LI when given in pre-exposure, but this action was not manifested when the drug was administered in both stages, suggesting that at this higher dose, the action of risperidone in conditioning counteracted its disruptive effect in pre-exposure. We obtained a similar dose-dependent pattern of results with clozapine. At 5 mg/kg this drug disrupted LI when given in pre-exposure, but spared LI when given in both stages (Shadach et al, 2000) , while at the 2.5 mg/kg dose, the drug disrupted LI when given in preexposure and in both stages (unpublished observations).
With 40 pre-exposures and five conditioning trials, risperidone at the 0.25 mg/kg dose potentiated LI when administered in conditioning only, but failed to yield potentiation when administered in both stages, indicating that the conditioning-based DA action was weakened by the pre-exposure-based 5HT action. At the higher doses of 0.5 and 1.2 mg/kg, risperidone was able to potentiate LI when administered in conditioning as well as when administered in both stages, suggesting that at these doses risperidone acted like a D2 antagonist. Again, we previously obtained a similar pattern with clozapine; while this drug potentiated LI at 5 and 10 mg/kg, it was unable to do so at 2.5 mg/kg (Shadach et al, 1999) .
Competition between a 5HT2A-mediated disruptive effect and a D2-mediated potentiating effect has been suggested to explain the failure of clozapine to potentiate LI or to do so within a certain dose range only (Dunn et al, 1993; Moran et al, 1996; Trimble et al, 1998) . Our results with clozapine (Shadach et al, 2000) as well as those here with risperidone support this suggestion, and further indicate that: (1) the competing actions of atypical APDs are exerted at different stages of the LI procedure, and can therefore be manifested only if the drugs are administered in both stages; (2) depending on the parametric conditions and doses, the serotonergic component should be able to override the dopaminergic component, or vice versa, leading to potentiated, intact, or disrupted LI.
Further studies are needed to provide direct evidence that the LI disruptive effects of atypical APDs are due to their serotonergic antagonism, and to determine how the effects of different atypical APDs are influenced by the balance between their D2 and 5HT2 antagonistic actions. However, our results do show that with increasing doses, risperidone becomes more like a typical APD, consistent with clinical data (Meltzer et al, 1989; Meltzer and Nash, 1991) .
Whatever the mechanism of the LI-disrupting action, the present results provide further evidence that the LI model has the capacity to discriminate between typical and atypical APDs, so that: (1) both classes of drugs potentiate LI via their action at the conditioning stage under conditions that do not lead to LI in controls; and (2) atypical but not typical APDs disrupt LI via action at the pre-exposure stage under conditions that lead to LI in controls. If confirmed with additional atypical compounds, the LI model would offer two important advantages in comparison to other behavioral models that have been shown to discriminate between typical and atypical APDs, notably, prepulse inhibition (eg Bakshi and Geyer, 1995; Swerdlow et al, 1996) , social isolation (Sams-Dodd, 1997), and the forced swim test (Noda et al, 1995) . First, these models achieve the discrimination by demonstrating effectiveness of atypical vs ineffectiveness of typical APDs, so that the discrimination entails, rather paradoxically, loss of specificity for APDs . In the LI model, typical and atypical APDs are both effective but exert distinct patterns of action; thus, LI is the only model that can discriminate between the two classes of drugs without losing specificity for APDs. Second, the existing models require previous administration of a propsychotic drug (PCP or MK-801) for demonstrating the dissociation and therefore are likely to reveal only antipsychotic action, which is mediated via neurotransmitter systems affected by the challenge drug. The LI model does not depend on propsychotic drug administration for the manifestation of both the typical and the atypical actions of APDs, but detects them with parametric manipulations of the LI procedure. This implies that LI involves neural and cognitive processes, which are directly and differentially modifiable by typical and atypical APDs.
In this context, it is important to point out that although our results might be taken to imply that pre-exposure-based LI disruption should become a critical behavioral index of the antipsychotic action of atypical APDs, this is by no means the case, because our modeling stresses a pattern of drug effects rather than their isolated actions. Thus, in order to qualify as an atypical APD, a compound must disrupt LI via effects on pre-exposure and potentiate LI via effects on conditioning. Indeed, while APD-induced potentiation of LI is specific and selective for APDs, this is not the case with APD-induced disruption of LI because additional compounds (eg ritanserin or chlordiazepoxide; see Moser et al, 2000) have been shown to disrupt LI via effects on preexposure. An intriguing possibility is that any compound, which potentiates LI via effects on conditioning (via D2 blockade) and disrupts LI via effects on pre-exposure (via any mechanism), may possess properties of an atypical APD.
Finally, the distinct effects of typical and atypical APDs in LI have important implications for the LI model of schizophrenia and APD action. It is commonly asserted that both typical and atypical APDs are effective against positive symptoms whereas atypical APDs have higher efficacy for negative symptoms/treatment-resistant schizophrenia, and that therefore an animal model that is sensitive to both classes of APDs may have predictive validity for the former condition whereas a model that is sensitive to atypical but not typical APDs may have predictive validity for the latter condition(s) (Arnt and Skarsfeldt, 1998; Brunello et al, 1995; Kinon and Lieberman, 1996) . Viewed in this light, APD-induced LI potentiation may have predictive validity for the treatment of positive symptoms whereas APD-induced LI disruption may have predictive validity for the treatment of negative symptoms/treatmentresistant schizophrenia.
It is apparent however that while the capacity of APDs to potentiate LI, that is, to normalize disrupted LI, is congruent with a beneficial or therapeutic action of APDs, because disrupted LI is considered to model a cognitive impairment in schizophrenia, the capacity of APDs to disrupt normal LI is at first sight incongruent with therapeutic action. With regard to the latter, we (Weiner, 2000, in press; Weiner et al, 2000) have recently drawn attention to the fact that following certain pharmacological and lesion manipulations LI exhibits an opposite pole of abnormality, namely, persists under conditions that disrupt LI in intact rats, and suggested that persistent LI may model attentional perseveration, or impaired attentional set shifting, associated with negative symptoms (Weiner, in press; Weiner et al, 2000) . We further suggested that whereas the capacity of APDs to potentiate LI should be 'therapeutic' for disrupted LI, the capacity of atypical APDs to disrupt LI should be 'therapeutic' for abnormally persistent LI. We have recently shown that LI persistence induced by nucleus accumbens core lesion and systemic administration of the NMDA antagonist MK-801 is reversed by clozapine but not by haloperidol administered in preexposure (Gaisler and Weiner, 2001; Zuckerman et al, 2001) . In light of the above, we suggest that the characterization of the APD action in the LI model of schizophrenia can be reformulated as follows: both typical and atypical APDs normalize disrupted LI (which models positive symptoms) whereas only atypical APDs normalize persistent LI (which models negative symptoms).
In sum, the present findings provide a foundation for an animal model that is capable of revealing a unique behavioral profile of atypical APDs and differentiating them from typical APDs without the use of propsychotic drugs, and thus provide a useful tool for screening novel agents with atypical antipsychotic profile with relevance to the treatment of negative symptoms/treatment-resistant schizophrenia.
